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;4"D)-+<"T+"O)9+"N4/DBN-+D"+,1+2.3+/-:"./9+:-.6)-./6"-O+"+66")6+"12+5+2+/N+")/D"N431+-.-.9+")@.(.-7"45"N()D+"$"[d4DD(+")/D"
E29./"%VV>]")/D"N()D+"%"[12+:+/-+D"O+2+]<"G. tuberculifemur")6)./:-"G. ashmeadiC""J+:B(-:":-24/6(7":B66+:-"-O)-"G. ashmeadi"
.:":B1+2.42"-4"G. tuberculifemur"N()D+:"$")/D"%"TO+/"1)2):.-.G./6"_`WW"+66:"./"qN431(+,r")/D"q:.31(+r"+,1+2.3+/-)("
N4/D.-.4/:"T.-O":O42-")/D"(4/6"+,14:B2+"-.3+:C"";O+"O.6O+2"2)-+:"45"1)2):.-.:3")/D"()26+2"O4:-")6+"2)/6+"D+34/:-2)-+D"@7"G. 

ashmeadi":B66+:-"-O)-"-O.:":1+N.+:"T.(("@+"342+"N431+-.-.9+"-O)/"G. tuberculifemur"N()D+:"$")/D"%"./"-O+"5.+(D"TO+/"
N431+-./6"542"_`WW"+66"3)::+:")/D"T.(("(.*+(7"12+9+/-"-O+"T.D+:12+)D"+:-)@(.:O3+/-"45"G. tuberculifemur"N()D+:"$")/D"%. "
^4/:+ZB+/-(7<".-"T4B(D")11+)2"-O)-"G. tuberculifemur"[N()D+:"$")/D"%]"T.(("N4/-2.@B-+"(.--(+"-4"-O+"@.4(46.N)("N4/-24("45"_`WW"
./"^)(.542/.)C"
!
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Gonatocerus tuberculifemur".:")":O)21:O44-+2"1)2):.-4.D"5243"M26+/-./)"-O)-")--)N*:"6()::7!T./6+D":O)21:O44-+2"[_`WW]"
+66"3)::+:C"";O.:"1)2):.-4.D".:"@+./6"N4/:.D+2+D"542"B:+"):")"/+4!N()::.N)("42"/+T")::4N.)-.4/"@.4(46.N)("N4/-24(")6+/-"542"
_`WW"./"^)(.542/.)C""M"2+N+/-"34(+NB()2":-BD7"[D+"F+$/"+-")(C"%VVQ]"O):".D+/-.5.+D"-T4"D.:-./N-"N()D+:"T.-O./"-O+":1+N.+:"
NB22+/-(7"N4/:.D+2+D"-4"@+"G. tuberculifemur.  I41B()-.4/:"45"G. tuberculifemur"N4((+N-+D"5243"W)/"J)5)+("./"M26+/-./)"
N(B:-+2"./-4"N()D+"%")/D"-O+"2+:-"45"-O+"141B()-.4/:"542"TO.NO"0kM"T):")/)(7G+D"N(B:-+2+D"./-4"N()D+"$C"";O+2+".:":B@:-)/-.)("
B/N+2-)./-7")@4B-"-O+":)5+-7"45"2+(+):./6"-O+:+")6+/-:"[.C+C<"B/./-+/D+D":12+)D")/D"/4/!-)26+-".31)N-:]")/D"TO+-O+2"-O+:+"
/+4N()::.N)("/)-B2)("+/+3.+:"T4B(D"1249.D+")DD.-.4/)("N4/-24("45"_`WW"./"^)(.542/.)"42"D.:2B1-"-O+"+55.N)N7"45"-O+"+,.:-./6"
1)2):.-4.D"N431(+,"TO.NO"O):"@++/"N4/:-2BN-+D"T.-O"/)-B2)("+/+3.+:"-O)-"O)9+"+94(9+D"-4"+,1(4.-"_`WWC"";O+"1B214:+"45"-O.:"
T42*"O):"@++/"-4"):N+2-)./"./"ZB)2)/-./+"TO+-O+2"-O+:+"/+4N()::.N)("@.4(46.N)("N4/-24(")6+/-:"5243"M26+/-./)"./"N()D+:"$")/D"
%"N)/"4B-1+25423"-O+"D43./)/-"_`WW"1)2):.-4.D"./"^)(.542/.)<"G. ashmeadiC"";4"D)-+<"T+"O)9+"N431(+-+D"+,1+2.3+/-:"
)::+::./6"N()D+"$")/D")":B33)27"45"-O+:+"2+:B(-:"T+2+"12+:+/-+D"./"-O+"%VV>"I.+2N+X:"0.:+):+"W7314:.B3"I24N++D./6:C"";O.:"
2+142-"12+:+/-:"+,1+2.3+/-)("2+:B(-:"542"qG. tuberculifemurr"-O)-")2+"2+12+:+/-)-.9+"45"141B()-.4/:"-O)-"N4314:+"N()D+"%C"
"
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$C" M:N+2-)./"49.14:.-.4/"12+5+2+/N+:"45"G. ashmeadi )/D"G. tuberculifemur"N()D+"%"542"_`WW"+66"3)::+:"45"D.55+2+/-")6+:C""
%C" 0+-+23./+"-O+"N431+-.-.9+/+::"45"-O+:+"-T4"1)2):.-4.D":1+N.+:":.3B(-)/+4B:(7"542)6./6"542"_`WW"+66"3)::+:"./"

N431(+,")/D":.31(+"+/9.24/3+/-:C""
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U@e+N-.9+:"$"K"%j"L66")6+"12+5+2+/N+:")/D"N431+-.-.9+")@.(.-7"
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Experiment 1 - Complex environmental system:""
U/+"3)-+D"5+3)(+"G. ashmeadi")/D"G. tuberculifemur"[v%S!&R"O"45")6+]"T):"12+:+/-+D":.3B(-)/+4B:(7"T.-O"4/+"_`WW"+66"
3)::"[N4314:+D"45"vS!Q"+66:]"N)34B5()6+D")34/6:-"54B2"4-O+2":.3.()2":.G+D"(+34/"(+)9+:"./")"D4B@(+"9+/-.()-+D"9.)(C";O.:"
yN431(+,":7:-+3X"T):"2+1(.N)-+D"$#"-.3+:"542"_`WW"+66:")6+D"4/+<"-O2++")/D"5.9+"D)7:"45")6+C"M5-+2"RV"3./B-+:"+,14:B2+"-4"
542)6./6"1)2):.-4.D:<"(+)9+:"T.-O"+66"3)::+:"T+2+"1()N+D"./-4"./D.9.DB)("I+-2."D.:O+:<"()@+(+D")/D"O+(D")-"%>4^"542"+3+26+/N+"
45"1)2):.-4.D:")/D"_`WW"/731O:C";O+"/B3@+2"45"+3+26+D")/D"B/+3+26+D"3)(+:")/D"5+3)(+:"45"+)NO"1)2):.-4.D":1+N.+:"T):"
2+N42D+DC"P.5-++/"N4/-24("9.)(:"N4/-)././6"4/+"5+3)(+"1)2):.-4.D"T+2+":+-"B1"542"+)NO":1+N.+:C"I+2N+/-)6+"1)2):.-.:3"@7"G. 

ashmeadi")/D"G. tuberculifemur"T):"N)(NB()-+D"):"-O+"1+2N+/-)6+"45"-4-)("+66:C"
"
05?F4<!G":O4T:"1+2N+/-)6+"1)2):.-.:3"@7"G. ashmeadi")/D"G. tuberculifemur"2+:B(-./6"TO+/"_`WW"+66"3)::+:"4/+<"-O2++"42"
5.9+"D)7:"45")6+"T+2+"+,14:+D"-4"-O2++"D.55+2+/-"-2+)-3+/-:j"[.]"G. ashmeadi"N4/-24("9.)(:"N4/:.:-./6"45"4/+"5+3)(+"G. 

ashmeadi;"[..]"G. tuberculifemur"N4/-24("9.)(:"N4/:.:-./6"45"4/+"5+3)(+"G. tuberculifemur;")/D"[...]"9.)(:"N4/-)././6"4/+"
5+3)(+"45"@4-O"G. ashmeadi")/D"G. tuberculifemur"N431+-./6"542"_`WW"+66:C"J+:B(-:"5243"9.)(:"N4/-)././6"4/+"+66"3)::"
+,14:+D":.3B(-)/+4B:(7"-4"4/+"G. ashmeadi")/D"G. tuberculifemur":O4T+D"-O)-"1)2):.-.:3"@7"G. ashmeadi"T):"N4/:.:-+/-(7"
#&!Q$n"O.6O+2"-O)/"G. tuberculifemur"542")(("-O2++"+66")6+:"[4/+<"-O2++")/D"5.9+"D)7:"45")6+]"-+:-+D"[05?F4<!G]C""J+:B(-:"5243"
-O+"N4/-24("9.)(:"[-O4:+"N4/-)././6"4/(7"4/+"5+3)(+]":O4T+D"-O)-"G. tuberculifemur"D+34/:-2)-+D"/4"+66")6+"12+5+2+/N+<"
1)2):.-.G./6">n"45"+66:"4/+<"-O2++")/D"5.9+"D)7:"45")6+"[05?F4<!G]C""J+:B(-:"542"-O+"G. ashmeadi"N4/-24(:":O4T+D"-O)-"_`WW"
+66"1)2):.-.:3"2)/6+D"5243"#Q!Q%n"[05?F4<!G]C""W-)-.:-.N)(")/)(7:+:")2+"NB22+/-(7"B/D+2T)7"-4"D+-+23./+"TO+-O+2"+66")6+"



!"R>"!"
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;O+2+"T):"/4":.6/.5.N)/-"D.55+2+/N+"./"49+2)(("1)2):.-.:3"45"_`WW"+66:"@+-T++/"9.)(:"N4/-)././6"G. ashmeadi"4/(7"[M]")/D"
9.)(:"N4/-)././6"@4-O"G. ashmeadi")/D"G. tuberculifemur"[M;]"542"-O+"N431(+,":7:-+3"[05?F4<!I]C""P+3)(+"G. ashmeadi 

D43./)-+D"-O+"3.,+D"1)2):.-4.D":7:-+3")/D"-O+"N4/-2.@B-.4/:"-4"49+2)(("1)2):.-.:3"@7"G. tuberculifemur"T+2+"/+6(.6.@(+C"
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Experiment 2 - Simple environmental system:""
U/+"3)-+D"5+3)(+"G. ashmeadi")/D"G. tuberculifemur"[v%S!&R"O]"T):"12+:+/-+D":.3B(-)/+4B:(7"-4"4/+"_`WW"+66"3)::"[vS!
Q"+66:<"$!%"D)7:"45")6+]"4/")":./6(+"(+)5"./")"D4B@(+"9+/-.()-+D"9.)(C"";O.:"y:.31(+":7:-+3X"T):"2+1(.N)-+D"$#"-.3+:C""L66"
3)::+:"T+2+"/4-"N)34B5()6+D")34/6:-"54B2"4-O+2":.3.()2":.G+D"(+)9+:C""L,14:B2+"-.3+"45"_`WW"+66:"-4"1)2):.-4.D:"T):"$#"
3./B-+:")/D"+)NO"3./B-+"-O+"@+O)9.42"w:+)2NO./6"N4/-)./+2"[W^]<":+)2NO./6"(+)5"[WF]<":+)2NO./6"+66"3)::"[WL]<"49.14:.-.4/"
[U]<"2+:-./6"[J]<"62443./6"[_]<")662+::.9+"NO):./6"[^]<")/-+//)-./6"N4/:1+N.5.N"[M^]<":+)2NO./6"+66"3)::"5243"-41":.D+"45"
(+)5"[WL;W]<"49.14:.-./6"5243"-41":.D+"45"(+)5"[U;W]<")/D"5++D./6"4/"O4/+7"[P]x"45"+)NO"5+3)(+"T):"2+N42D+DC""P.5-++/"
2+1(.N)-+:"45"-T4"-71+:"45"N4/-24("9.)(:"T+2+")(:4":+-"B1"542"+)NO":1+N.+:C"";O+:+"N4/-)./+D"+.-O+2"4/+"5+3)(+"1)2):.-4.D"42"-T4"
5+3)(+"1)2):.-4.D:"45"-O+":)3+":1+N.+:"-4")NN4B/-"542"./-+2)N-.4/"+55+N-:"./D+1+/D+/-"45":1+N.+:C""
J+:B(-:"5243"9.)(:"N4/-)././6"4/+"+66"3)::"+,14:+D":.3B(-)/+4B:(7"-4"4/+"G. ashmeadi")/D"G. tuberculifemur"./")"y:.31(+"
+,1+2.3+/-)(":7:-+3X"T.-O"eB:-"4/+"(+)5"542"$#"3./B-+:":O4T+D"-O)-"1)2):.-.:3"@7"G. ashmeadi"T):"R$n"[05?F4<!S]<"TO.(+"G. 

05?F4<!GH!!I+2N+/-)6+"1)2):.-.:3"@7"G. ashmeadi")/D"G. tuberculifemur"2+:B(-./6"TO+/"
_`WW"+66"3)::+:")6+D"4/+<"-O2++<")/D"5.9+"D)7:"45")6+"T+2+"+,14:+D"-4"1)2):.-4.D:"
+.-O+2")(4/+"42"./"N431+-.-.4/"T.-O"+)NO"4-O+2C"

05?F4<!IH!"U9+2)(("1+2N+/-)6+"1)2):.-.:3"45"_`WW"+66"3)::+:!+,14:+D"-4"-O2++"
-2+)-3+/-:"./")"yN431(+,"+,1+2.3+/-)(":7:-+3X"542"$"OC"
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Experiment 3 - Long exposure time: "`O+/"v#V"_`WW"+66:"T+2+"+,14:+D"-4"4/+"5+3)(+"G. ashmeadi")/D"G. tuberculifemur"
542"+.-O+2"%S"O4B2:"42"5.9+"D)7:<"1)2):.-.:3"@7"G. ashmeadi"T):"Q%!?Sn"O.6O+2"-O)/"G. tuberculifemur"542"@4-O"+,14:B2+"
-.3+:"[05?F4<!T]C"!
!

!

!

!

!

!

!

!

!

!

!

!

!

!

!

!

!

!

!

!

!

!

!

!

"
B+*B1E/)+*/!

Gonatocerus tuberculifemur".:")":O)21:O44-+2"1)2):.-4.D"5243"M26+/-./)"-O)-".:"@+./6"N4/:.D+2+D"542"2+(+):+"5243"ZB)2)/-./+"
542"@.4(46.N)("N4/-24("45"_`WW"./"^)(.542/.)C"";O+2+".:":B@:-)/-.)("B/N+2-)./-7")@4B-"-O+":)5+-7"45"2+(+):./6"-O.:")6+/-")/D"
TO+-O+2".-"T4B(D"1249.D+")DD.-.4/)("N4/-24("45"_`WW"./"^)(.542/.)"42"D.:2B1-"-O+"+55.N)N7"45"-O+"+,.:-./6"1)2):.-4.D"N431(+,"
TO.NO"O):"@++/"N4/:-2BN-+D"T.-O"/)-B2)("+/+3.+:"-O)-"O)9+"+94(9+D"-4"+,1(4.-"_`WW"./"-O+"O43+"2)/6+"45"-O.:"1+:-"[.C+C<"-O+"
:4B-O+):-"8WM")/D"/42-O+):-"i+,.N4]C""'7":-BD7./6"-O+"+66")6+"12+5+2+/N+<"N431+-.-.9+")@.(.-7")/D"5B/N-.4/)("2+:14/:+"45"G. 

ashmeadi")/D"G. tuberculifemur"[N()D+:"$")/D"%]"T+":4B6O-"-4"D+-+23./+"TO.NO"45"-O+:+"-O2++"1)2):.-4.D:".:"(.*+(7"-4"@+"-O+"

05?F4<!SH"I+2N+/-)6+"1)2):.-.:3"@7"G. ashmeadi")/D"G. tuberculifemur"2+:B(-./6"TO+/"_`WW"
+66"3)::+:")6+D"$!%"D)7:"45")6+"T+2+"+,14:+D"-4"1)2):.-4.D:"+.-O+2")(4/+"42"T.-O"./-2):1+N.5.N"
42"./-+2:1+N.5.N"N431+-.-.4/"[M"f"9.)("N4/-)././6"4/+"5+3)(+"G. ashmeadia"MM"f"9.)("
N4/-)././6"-T4"5+3)(+"G. ashmeadia"M;"f"4/+"5+3)(+"G. ashmeadi")/D"G. tuberculifemur<";"f"

4/+"5+3)(+"G. tuberculifemur; ;;"f"-T4"5+3)(+"G. tuberculifemur]C""

05?F4<!TH!";O+"3+)/"1+2N+/-)6+"45"G. ashmeadi")/D"G. tuberculifemur"455:12./6"+3+26./6"
TO+/"#V"_`WW"+66:"T+2+"+,14:+D":.3B(-)/+4B:(7"-4"4/+"3)-+D"5+3)(+"G. ashmeadi")/D"G. 

tuberculifemur 542"%S"O"42"5.9+"D)7:C"
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34:-"+55.N)N.4B:C""
"
J+:B(-:"5243"+,1+2.3+/-:"./94(9./6"N()D+"%"45"G. tuberculifemur<"):":O4T/"O+2+<":B66+:-"-O)-"G. ashmeadi".:":B1+2.42"-4"G. 

tuberculifemur"TO+/"1)2):.-.G./6"_`WW"+66:"./"qN431(+,r")/D"q:.31(+r"+,1+2.3+/-)("N4/D.-.4/:"T.-O":O42-")/D"(4/6"
+,14:B2+"-.3+:C""J+:B(-:"5243"N431+-.-.4/"+,1+2.3+/-:"TO+2+"@4-O"1)2):.-4.D:"T+2+"12+:+/-+D":.3B(-)/+4B:(7"-4"O4:-"+66:"
D+34/:-2)-+D"-O)-"G. ashmeadi"4B-N431+-+D"G. tuberculifemur N()D+"$. ";O+:+"2+:B(-:":B66+:-"-O)-"G. ashmeadi"3)7"12+9+/-"
T.D+:12+)D"+:-)@(.:O3+/-")/D"124(.5+2)-.4/"45"G. tuberculifemur"N()D+"$"./"^)(.542/.)C"";O.:"2+:B(-".:":.3.()2"-4"d4DD(+"K"
E29./"[%VV>]"TO4":O4T+D"-O)-"G. ashmeadi"T):":B1+2.42"-4"G. tuberculifemur"N()D+"%<")/D"-4"G. triguttatus")/D"G. fasciatus"
B/D+2":.3.()2"+,1+2.3+/-)("N4/D.-.4/:"[E29./")/D"d4DD(+"%VV#]C""k+.-O+2"G. triguttatus"42"G. fasciatus"O)9+"1+25423+D"T+(("
54((4T./6"3)::"2+(+):+:"./"^)(.542/.)"TO+2+"G. ashmeadi".:"12+:+/-<"TO.NO":B66+:-:"-O)-"-O+"2+:B(-:"45"-O+:+"N431+-.-.9+"()@"
+,1+2.3+/-:"3)7")NNB2)-+(7"12+D.N-"5.+(D"1+25423)/N+C""
"
UB2"D)-)"-OB:"5)2":B66+:-:"-O)-"-O+"14-+/-.)(".31)N-"45"2+(+):./6"G. tuberculifemur N()D+"%"[)/D"N()D+"$]"./"^)(.542/.)"4/"-O+"
@.4(46.N)("N4/-24("45"_`WW"3)7"/4-"4B-!T+.6O"-O+"N4:-"45"3)::"2+)2./6")/D"2+(+):./6"45"-O.:"@.4(46.N)("N4/-24(")6+/-C""`O+/"
-.3+")/D"()@42"N4:-:"542"()26+!:N)(+"N4(4/7"3)./-+/)/N+<"D.:2B1-.4/"45"+,.:-./6"(+9+(:"45"N4/-24(")NO.+9+D"T.-O"-O+"2+:.D+/-"
/)-B2)("+/+37"6B.(D"[+:1+N.)((7"G. ashmeadi]<")/D"14-+/-.)("./9):.4/"@7"G. tuberculifemur"@)N*"./-4"-O+":4B-O+):-"8WM"
TO+2+"_`WW"42.6./)-+D")2+")(("N4/:.D+2+D<"-O+2+")11+)2:"-4"@+"/4"ZB)/-.5.)@(+"@+/+5.-"-4"2+(+):./6"G. tuberculifemur"N()D+"%"
./"^)(.542/.)"542"-O+"@.4(46.N)("N4/-24("45"_`WWC""W.3.()2"N4/N(B:.4/:"O)9+"@++/"2+)NO+D"5243"N431(+-+D"T42*"4/"_C"
-B@+2NB(.5+3B2"N()D+"$"[d4DD(+")/D"E29./"%VV>]C"
"
'$0$'$*B$/!B)&$%!

D+"F+$/<"\C"dC<"F46)2G4<"_C"MC<";2.)1.-:7/"WC"mC"[%VVQ]C"i4(+NB()2"NO)2)N-+2.G)-.4/"45"Gonatocerus tuberculifemur"[U6(4@(./]"
[d73+/41-+2)"j"i73)2.D)+]<")"124:1+N-.9+"Homalodisca vitripennis"[_+23)2]"[d+3.1-+2)"j"^.N)D+((.D)+]"@.4(46.N)("
N4/-24("N)/D.D)-+")6+/-"5243"W4B-O"M3+2.N)"j"D.9+26+/-"N()D+:C"'B((+-./"45"L/-434(46.N)("J+:+)2NO"?Qj"?>!$VQC"
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